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Abstract

The hydroacoustic and mini trawl sampling was conducted to estimate a distribution pattern of fish density in
the eastern part of Banyuasin coastal waters, South Sumatra, Indonesia. These surveys were carried out in
September 2017 using a SIMRAD EK15 single-beam echo sounder with a 200 kHz operating frequency. Catch
data obtained from the mini bottom trawl were used to examine a dominant species for refining the TS value
concerning the fish density estimation along the hydroacoustic track. The ponyfishes (Eubleekeria jonesi) from
the Leiognathidae family were found at each station with the highest relative abundance (50.98%). Hence this
species was used to refine target strength values for estimating the acoustic volume density. These volume
densities of 206 ESDU ranged from 0 to 9048 fish 1000m~>, with an average of 930 fish 1000m™>. The results
also described a distribution pattern of fish densities hence this information could be valuable to the fishery
manager for improving sustainable management approaches.
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1 | INTRODUCTION

The estimation of fish density using the traditional meth-
ods (traps and nets) requires a great effort, financial
resources, and time, therefore the recent hydroacoustic
development is an essential alternative to these tradi-
tional methods (Ehrenberg and Steig 2003; Chen et al.
2009; Bezerra-Neto et al. 2013). When a substantial hy-
droacoustic development was introduced in the 1970s,
especially the echo-integration technique (Bezerra-Neto
et al. 2013), hydroacoustic methods and technology are
being increasingly and extensively applied as a tool to
describe aquatic ecosystems as well as estimating fish
density, biomass, and abundance in both freshwaters and
marine system (Boswell et al. 2007; Rudstam et al. 2009;
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Trenkel et al. 2011). Hydroacoustic is also used for esti-
mating zooplankton (Greenlaw 1979; Holliday et al. 1989;
Martin et al. 1996; Miyashita and Aoki 1999; Holbrook et
al. 2006; Kim et al. 2019) and identifying the bottom sub-
strate type (Costa et al. 2013; Fauziyah et al. 20183,
2020a; Montereale-Gavazzi et al. 2018).

Besides being usable in the deep waters system, hy-
droacoustics also could be used in shallow waters (waters
depths < 5 m) and ultra-shallow waters (< 2 m) due to the
development advances of narrow acoustic beams (Bos-
well et al. 2007; Winfield et al. 2007; Martignac et al.
2015). These methods potentially provide a cost-effective
assessment technique for obtaining estimates of pelagic
fish abundance (Hassan et al. 1998).
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There is two output throughout the hydroacoustic
data processing namely the raw data of Volume Backscat-
tering Strength (Sv) and Target Strength (TS). The Sv val-
ue is an acoustic energy integration scattered from dis-
crete targets per unit volume of water and it's often used
for estimating fish biomass while the TS value is an acous-
tic measurement of fish length where both fish biomass
and density can be estimated using Sv that scaled by TS
(MacLennan et al. 2002; Boswell et al. 2007).

Banyuasin coastal waters had high potential and di-
versity of fish resources (Fauziyah et al. 2018b, 2019a) but
limited information available for their fish stock status
(Fauziyah et al. 2020b). Even though these waters have
become the centre of fishing activities in South Sumatra
Province. The fisheries management objective could be
reached optimally when fish density and distribution have
been certainly known as well as the management policy
can encourage the sustainability of fish resources in the
future. Therefore, an acoustic survey for estimating fish
density is essentially useful for determining the fisheries
management policy. This study aimed to estimate the fish
density distribution in the eastern part of Banyuasin
coastal waters. This information was needed for sustaina-
ble fisheries management.

2 | METHODOLOGY

2.1 Study area

Banyuasin coastal waters is the centre of fishing activity in
South Sumatra and this water was strongly influenced by
the inflow of the Musi River (Fauziyah et al. 2018b, 20193,
2019b). The acoustic survey with its acoustic tracking
(Figure 1) was conducted in September 2017 in the east-
ern part of Banyuasin coastal waters. These acoustic
tracking for estimating the fish density were determined
by considering the water's contours and could represent
all characteristics of the study area.

THE SURVEY MAP IN THE
BANYUASIN COASTAL
WATER, SOUTH SUMATRA
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FIGURE 1 Location and survey map in Banyuasin coastal
waters, South Sumatra of Indonesia.

2.2 Hydroacoustic sampling
The hydroacoustic sampling in Banyuasin coastal waters
was conducted in September 2017 using a SIMRAD EK15
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single-beam echo sounder with a 200 kHz operating fre-
quency and a boat operating speed of 5 knots. A mixed
survey design (Fauziyah et al. 2020a) with a total of 13
the Elementary Sampling Distance Unit (ESDU) was ap-
plied. The transducer was mounted on the centre-right
side of the boat, positioned 1 m under the water surface.
Before using the Simrad EK15, it must be calibrated for
maintaining accuracy and verify the Simrad EK15 system
can be fully operated.

The study area was surveyed for three days (20 — 22
September 2017). The recording process of acoustic raw
data was carried out continuously during the day except
when preparing to set the mini bottom trawl by spending
15 minutes at each station. The total distance covered
during the entire study was 44.603 km with the distance
covered between the stations being 3.431 km.

2.3 Trawl sampling

For species identification traced by the acoustic system, a
mini bottom trawl was used. These trawl samplings were
conducted simultaneously along the acoustic tracks
(Stenevik et al. 2015) but in this survey, the trawl sam-
pling was conducted randomly ranging from5-6,8-9,9
— 10, 10 — 11 and 12 - 13 stations. These trawl samples
were used for estimating the fish composition by species,
weight, and length (Stenevik et al. 2015). The total length
of the main species obtained from the trawl sampling was
used to refine the TS measurements from the hydroa-
coustic survey as well as to estimate the fish density
(Mackinson et al. 2005; Doray et al. 2010).

2.4 Data analysis

Acoustic data were analysed using Echoview (version 4.8)
software and Microsoft Excel (version 16.0). Before anal-
ysis, each echogram was subjected to manual edit to con-
firm true fish echoes in the analysis. Furthermore, a
sound returned from the seafloor from echo integration
was excluded using the Echoview bottom detection func-
tion. An echo integration was employed to calculate the
total amount of sound backscattered within an echogram.
These analyses provided the NASC (Nautical Area Scatter-
ing Coefficient) namely an average amount measure of
sound reflected by fish per aerial square nautical mile. For
calculating the fish density, scaling the NASC using the
expected size of an acoustic fish was needed.

A maximum threshold value of =30 dB was used to
detect the fish targeted with the highest echo, while the
minimum value was determined based on the average TS
value of the smallest total length of fish obtained from a
dominant species in each sampling location. This TS value
obtained was then reduced by 10 dB to suit the minimum
threshold value (Parker-Stetter et al. 2009). Acoustic data
processing used the integration upper threshold minus
1.0006453902 meters from the surface, due to the trans-
ducer mounted 1 m under the surface and the presence
of the nearfield transducer zone. The conventional equa-
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tions that were commonly used for calculating the near-
field value were as follows (Foote 2014)

D? a?
NF = a or NF = 7
Where NF is the nearfield (m), A is the wave length
(m), D is the transducer diameter (m), and a is the

radius of the circular piston transducer.

The narrow beamwidth would have an acoustic
dead zone (ADZ) value of 0.3 m (Parker-Stetter et al.
2009). Based on a simplistic approach (Ona and Mitson
1996), there was a “definite ADZ” that was defined as
extending to a height of ct/2 above the seafloor, where ¢
is the wave propagation speed in meters and 7 is the
transmitted pulse duration in seconds. Furthermore, the
calculation of NASC, density per unit area (p,), and densi-
ty per unit volume (p,) were expressed as follows (Foote
1987; MacLennan et al. 2002; Parker-Stetter et al. 2009;
Fassler et al. 2013):

Sy
NASC = 4w 18522 1010 T

_ N4sc

a = 4T OoBs

Sy
OBS

TS = 20logL —71.9 (for the clupeoid fish)

Pv = or Py =PaT
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TS = 20logL — 66.2 (for the swimbladder fish)

TS
O-BS = 1010

Where p, is the density per unit area, p, is the density
per unit volume, 4n is the steradians in a sphere-
converting "backscattering" cross-section to "scattering"
cross-section, 1852 is meters per nautical mile (m nmi™),
Sv is the mean volume backscattering strength of the do-
main being integrated (dB re 1 mzm_g), T is the mean
thickness of the domain being integrated (m), ogs is the
backscattering cross-section value (mz), and r is the depth
of water (m).

3 | RESULTS

3.1 Catch composition from the trawl sampling

The sampling using the mini bottom trawl in this study
area obtained 13 species represented by 11 families (Ta-
ble 1). Leiognathidae was distributed in all sampling sta-
tions (AF = 100%) with the highest relative abundance (RA
= 57.62%). Eubleekeria jonesi and Secutor incidiator of
Leiognathidae family were recorded at each station. The
highest relative abundance was recorded for E. jonesi
(50.98%), therefore this species could be specified as the
dominant species used to refine TS values.

TABLE 1 Fish species composition, appearance frequency (AF), and relative abundance (RA) were obtained from the trawl

survey in the eastern part of Banyuasin Coastal Waters.

Stations .
Family Species 6 9 10 11 13 AF¥* RA** f;‘;’;';g;‘
SA  n SA n SA n SA n SA n
Clupeidae Dussumeiria elopsoides X 5 20L 0.49L Pelagic-neritic
Cynoglossidae  Symphurus microrhynchus x 8 20L 0.78L Demersal
Engraulidae Stolephorus indicus x 28 x 30 X 4 60M 6.05H Pelagic-neritic
Leiognathidae Eubleekeria jonesi x 112 x 100 x 102 x 100 108 100 H 50.98 H Demersal
Secutor insidiator x 11 x 14 x 21 x 7 15 100H 6.64H Demersal
Loliginidae Loligo chinensis x 28 20L 2.73L Benthopelagic
Nemipteridae = Nemipterus hexodon x 29 x 73 x 20 «x 3 80H 12.21H Demersal
Penaidae Parapenaeopsis sculptilis ~ x 10 x 22 x 14 60 M 4.49 M Benthic
Penaeus merguensis x 12 x 5 40L 1.66L Benthic
Paralichtydae  Pseudorhombus elevates x 3 20L 0.1L  Demersal
Platycephalidae Platychepalus indicus x 3 x 6 40L 0.88L Reef
Portunidae Scylla olivacea x 29 x 10 x 12 60M 4.98M Demersal
Sciaenidae Nibea soldado x 19 x 4 x 15 x 44 80H 8.01H Demersal
Number of Species 5 181 6 221 9 254 7 177 7 191

AF/RA: H, high; M, moderate; L, low. SA: species appearance; n, number of species; * according to www.fishbase.org and
www.sealifebase.org. **The AF values were divided into 3 categories (Fauziyah et al. 2018b) namely low (AF < 42.86),
moderate (42.84 < AF < 7.42), and high (AF > 71.42) whereas the RA values categories (Fauziyah et al. 2018b) were name-
ly low (RA < 2.845), moderate (2.845 < RA < 5.686) and high (RA > 5.686).

The measurement results of 522 E. jonesi specimens
showed that the total length (TL) ranged from 2 — 9 cm
and most specimens (61%) were distributed in sizes 50 —

55 mm TL (Figure 2). The average TL and TS obtained from
this dominant species were 52 mm and —57 dB respec-
tively.
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3.2 Fish density and distribution patterns

During the acoustic-trawl survey conducted in Banyuasin
coastal waters, the vertical distribution of the acoustic
volume densities is shown in Figure 3. The results indicat-
ed that the volume densities of 206 ESDU ranged from 0
to 9048 fish / 1000 m>, with an average of 930 fish / 1000
m>. The highest volume densities were occurred in the 6 —
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7 m water depth (1763 fish / 1000 m3) and the next se-
quence was occurred from 2 — 3 m in depth (1324 fish /
1000 m®) as well as from 5 — 6 m in depth (1188 fish /
1000 m3). The lowest densities ware occurred from 7 — 8
m in depth (93 fish / 1000 m>). In this survey, there were
no ESDUs between 1 and 2 m in depth, therefore, these

depth ranges did not have the volume density.
s+  FIGURE 2 The size distri-
Mean = 52.12 bution of Eubleekeria

Std. Dev.= 10.48

jonesi obtained from the
trawl sampling in the part
of Banyuasin coastal wa-
ters, South Sumatra, In-
donesia. These species
»,  were most abundant in
the 50 — 55 mm total
length.
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FIGURE 3 The vertical
distribution of the acous-
tic volume density in the
e eastern part of Banyuasin
coastal waters, South Su-
matra, Indonesia; mean
volume density by the
depth class (left) and vol-
ume density at each ESDU
by depth (right).
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The ESDU in this study mostly (66%) have volume
densities higher than 200 fish / 1000 m® and the horizon-
tal distribution of these densities is shown in Figure 4. The
values of acoustic volume densities were shown through
bubble scatter, where the larger size indicated the higher
fish density. The results indicated that the volume densi-
ties near the coastal zone were higher than near the off-
shore.

4 | DISCUSSION

This study implemented the hydroacoustic method which
was validated with trawling survey data for a spatial dis-
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tribution assessment of fish densities in Banyuasin coastal
waters (shallow waters). Both hydroacoustic and trawl
surveys were conducted simultaneously and were intend-
ed to validate hydroacoustic surveys. Bez et al. (2011)
stated that using these two surveys can improve the ac-
curacy and precision of the fish abundance estimates. In
this study, both data were highly consistent, and the
presence of the trawl behind the vessel was around a few
hundred meters thus no systematic perturbation for re-
cording the acoustic data (Bez et al. 2011). By contrast,
Mitson and Knudsen (2003) stated that the noise of the
fishing vessel can affect the fish and their hydroacoustic
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detection which could bias the results of hydroacoustics
and trawls surveys. However, in deep water conditions
with a single target species, the levels of ambient noise in
the sea will not have a significant effect on the results of
acoustic and trawl surveys (Reynisson 1996).

The results were sufficient to detect a distribution
pattern in volume densities, where higher densities oc-
curred near the coastal zone. These coastal zones near

J Fish; Fauziyah et al.

the mangrove area are useful nursery, feeding and
spawning grounds (Walters et al. 2008; Eddy et al. 2016),
consequently these waters favoured the fishes and re-
sulted in a higher fish abundance and density. This distri-
bution pattern was in line with the hydroacoustic survey
at a Brazilian Lake - Lagoa Santa, Minas Gerais (Bezerra-
Neto et al. 2013).

FIGURE 4 The horizontal
distribution map of the
acoustic volume density
in the eastern part of

S Banyuasin coastal waters,
1:80.000 South Sumatra, Indonesia.
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The results of the trawl sampling indicated that E.
jonesi was the dominant species and used to refine TS
values for estimating the acoustic volume density. This
species is commonly distributed in estuarine and inshore
waters of subtropical and tropical regions (Bianchi 1985;
Harini et al. 2018). The size range captured for this spe-
cies in this study was appropriate for the hydroacoustic
method application that can detect a small fish at sizes
more than 1 cm TL (Arce et al. 2011). Overall, their hori-
zontal distribution pattern of acoustic volume density
showed a fluctuations pattern and was in line with the
hydroacoustic survey in Sikka Regency Waters (Pujiyati et
al. 2016).

Generally, the difference in horizontal distribution of
fish density is influenced by the predation risk to some
extent. Nonetheless, consequence of habitat selection,
the spatial distribution of predators and competitors,
environmental factors can affect the horizontal distribu-
tion of fish greatly (Bacheler et al. 2016). Lower density is
commonly found during the early afternoon but the high-
est density can be recorded in the early morning, evening
and at night (Fabi and Sala 2002). The diel variability of
fish might be related to both the horizontal distribution of
fish and fish's acoustic response that can be expressed by
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the variability of TS. In the present study, the TS value
was determined based on the species composition (dom-
inant species) and the individual size obtained from the
trawl sampling due to unpredictable hydroacoustic meas-
urement of TS.

Estimation of fish density and its distribution pattern
through a hydroacoustic survey could be valuable to the
fishery manager and these estimates are also useful to
examine the effectiveness of any stocking programme,
forage fish and predators. The hydroacoustic survey is an
essential method to estimate the fish density, however,
many precautions should be followed before and after
conducting the survey to minimise the error. Finally, the
hydroacoustic survey is useful for implementing advanced
approaches to sustainable fisheries management.
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